applicable for children and elderly men, especially those with high blood sugar (Wang, Cheng, Cao, & Jiang, 2013) .
With similar processing as black garlic, black jujube is a processed jujube product that is prepared via heat treatment of the raw jujube at high temperature and in a high humidity environment for natural aging for a certain time after the finished product. When jujube undergoes heat treatment, various physicochemical changes occur in the color, aroma, flavor, and nutrient content. Heat treatment, in particular, brings about nonenzymatic browning reactions, such as the caramelization reaction, Maillard reaction, and other chemical oxidation reactions. Nonenzymatic browning reactions are associated with the formation of strong antioxidant compounds because jujube contains sugar and amino acids (Kim, Kim, Kim, Park, & Lee, 2013) . Black jujubes enhance the antioxidant activity via DPPH radical scavenging, which occurs for a long time during aging. (Park et al., 2012) . The sugar content is reduced for the specific population in the black jujube during the aging process. However, information on the change in biological activities and chemical constituents is lacking in the literature. In this study, we monitored the changes in sugar, total acid, pentahydroxymethyl furfural (5′-HMF), total phenols, cAMP, and volatile components during the process of jujube aging to support the development of low-sugar and nutrition products.
| MATERIAL S AND ME THODS

| Reagents and materials
We obtained 3′,5′-cyclic AMP and 5′-HMF from Ziqibio Co., Ltd.
(Shanghai, China), fructose, glucose, and sucrose were purchased from Shanghai Yuanye Bio-Technology Co., Ltd. (Shanghai, China).
Other reagents were of analytical grade. Acetonitrile and methanol were both of HPLC grade and purchased from Merck (Darmstadt, Germany). The dry jujubes were varieties of Ningyang jujube provided by the market (Taian, China).
The high-performance liquid chromatography (HPLC) was performed on a LC-20A system Shimadzu (Kyoto, Japan), equipped with diode array detector (SPD-20A) and refractive index detector (RID-10A). Data acquisitions were performed using Lab Solution 
| Sample preparation
The treatment of jujube refers to the production method of black garlic. The dry jujubes were cleaned and soaked in water for one hour and sealed with water (600 g/400 ml); then, the entire jujube was placed in a constant temperature and humidity incubator. The jujube was aged and fermented in an 80% humidity environment at 75°C for 96 hr. 500 g jujubes were taken out every 12 hr and then homogenized after removing the nucleus. All the samples mentioned below were obtained from the homogenized jujubes.
| The measurement method of color difference
Taking the raw jujube as a comparison, the color difference was measured by the color difference meter for the jujube samples of each period. The color difference was represented by the values of ΔE*ab. L* represents brightness, a* and b* represent chromaticity. L1*, a1*, and b1* were the measured values of untreated jujubes. L2*, a2*, and b2* were the measured values of treated jujubes of each period. 
| Determination of total acid content
The total acid content was analyzed using the national standard of GB/T 12456-2008. The samples (20 g) were homogenized with 80°C boiled water and placed in a boiling water bath for 30 min (shaken 2-3 times). The volume was adjusted to 250 ml with water after it was cooled down. The supernatant was filtered, added 50 ml of water, and then titrated with 0.1 M of sodium hydroxide solution to a pH of 8.3 in a magnetic stirrer.
| Analysis of sugar
The measurement method for fructose, glucose, and sucrose was according to the China National Standard protocol GB 5009.8-2016.
Two grams of homogenized samples were weighed in a beaker with 40 mL of water and allowed to mix in a magnetic stirrer for 10 min.
5 mL of zinc acetate (219 g/L) and 5 mL of potassium ferrocyanide (106 g/L) was added. Then the mixed sample was transferred into bottle and injected water to 100ml. The mixtures were extracted via ultrasonic for 30 min. Finally, the supernatant was reconstituted and transferred into vials after filtering through a 0.45-μm nylon filter.
The mixtures were extracted via ultrasonic for 30 min. Finally, the supernatant was reconstituted and transferred into vials after filtering through a 0.45-μm nylon filter.
A sample of 10 µl was injected into an Inertsil NH 2 column (250 × 4.6 mm, 5 µm; Shimadzu) and detected using a refractive index detector in 40°C. The elution was carried out using acetonitrile and water (70:30, v/v) at a flow rate of 1.0 ml/min.
The determination method for the reducing sugar was completely in reference to the national standard (GB 5009.7-2016, China).
| Determination of the total phenolic content
The total phenolic extracts were analyzed using the Folin−Ciocalteu phenol reagent method, which was modified on the basis of the reported literature (Gao et al., 2012) . A one-gram sample was dissolved in a 50 ml ethanol solution (70%), then socked for 10 min and extracted via ultrasonification for 30 min at 66°C.
A total of 750 µl of the Folin−Ciocalteu reagent and 750 µl of deionized water were added to 200 μl of the supernatant of the sample extracts. The mixture was added to 1.5 ml of sodium carbonate (10%, w/v) and brought to a 10 ml volume by deionized water and allowed to stand for 10 min at 75°C before measured on a spectrophotometer at an absorbance of 760 nm. A mixture of Folin−Ciocalteu phenol reagents and deionized water was used as the blank.
| Analysis of cAMP
The cAMP content was determined based on an assay method (Kou et al., 2015) with some modifications. The samples (2 g) were extracted for 30 min with 100 ml of boiled and distilled water using an ultrasonic washing unit and then centrifuged for 5 min at 1,509.3 g; the supernatant was filtered through a 0.45-μm syringe filter.
The compounds were eluted in an Inertsil ODS-3 column (250 × 4.6 mm; 5 μm) at a flow rate of 1 ml/min with a mobile phase of a methanol-potassium dihydrogen phosphate solution (0.05 M) mixture (10:90, v/v). The flow rate was 1 ml/min, and the detection temperature was 30°C. The detection wavelength was 254 nm (5-nm bandwidth), and the injection volume was 10 µl.
| 5-HMF analysis
The 5 g samples were homogenized with 10.0 ml of methanol; then, the mixture was stirred with 30.0 ml of water with mixing using a magnetic stirrer for 10 min. The phase was transferred into a 50 ml bottle and fixed with water and extracted via ultrasonic 30 min after it was fully mixed. The supernatant was filtered through a 0.45-μm syringe filter prior to HPLC.
A total of 10 μl were injected onto the HPLC column. The analytes were separated in the IntertSustain C18 column (250 × 4.6 mm, 5 μm; Shimadzu) at 35°C. The mobile phase was a methanol-water mixture (2:98, v/v). The absorbance wavelength for determination was 282 nm.
| Detection of volatile components
Nitrogen of 99.99% purity was used as the drift and carrier gas. Drift gas flow was set at a constant flow of 150 ml/min. Initial carrier gas flow of 2 ml/min, holding 2 min, increased to 100 ml/min at 20 min.
The samples were incubated in headspace volume at 40°C lasting 10 min. 1 g jujube sample was transferred into a 20 ml headspace vial, and then incubated in headspace volume at 40 °C for 25 min. were showed in Table 1 .
F I G U R E 2
The changing tendency of total acid (a), sugar (b), sucrose (c), total phenolic (d), 5-HMF (e), and cAMP (f) in aging process
| RE SULTS AND D ISCUSS I ON
| The change of color
As shown in Figure 1 , the color and form of the jujubes have great changes through blacking process. Table 2 shows the values of the color difference of the sample in the process. It could be seen that the data of 12 hr and the original date are significantly different, while the data of 12-96 hr are relatively close. It indicated that the color of the sample changes most obviously at 12 hr, after which the color of the treatment does not change much. Figure 2a presents the changes in the total acid contents during the aging period of the jujube fruits. The total acid content of dried jujube was mild with 8.82 g/kg and increased to 23.45 g/kg by 177.21% with thermal processing for 96 hr (Table 3 ). The rate of acid formation was different, and it was assumed to be related to nonenzymatic browning due to early color changes when the acidity increased faster. The acid increase was partially associated with the production of carboxylic acids during the browning reactions, which have been reported to be generated via the oxidation of the aldehyde in aldohexose (Sang, Cho, Yong, Lee, & Park, 2014) . It also has been established that a variation in organic acids may occur during the Maillard reaction due to the co-existence of amino and carbonyl groups.
| The change of total acid contents during the thermal processing of black jujube
| Sugar content during the blackening process
The changes in sugar contents in black jujube at different aging stages are presented in Figure 2 . As shown in Figure 2b , increasing trends were found for the contents of total reducing sugar, glucose, and fructose during pre-period aging. Fructose, glucose, and total reducing sugar increased by 35.40% on 60 hr, 32.76% on 36 hr, and 29.79% on 60 hr, respectively. Otherwise, their content began to decrease during the later period of aging. The sucrose content was exactly opposite to that of the reducing sugar during aging, and it rapidly reduced from 195.6 to 3.1 g/kg in 24 hr (Table 3) 
| Content of functional components during the blackening process
Changes in the chemical functional composition, including HMF, total phenolic, and cAMP, were studied during the aging process. The contents of total polyphenols were constantly enhanced during pre-period processing (0-4 8 hr), the amount of the compound increased with treatment by 50.99% compared to raw jujube, and it then remained basically the same (48-96 hr) (Figure 2d ). An increase in these properties in black garlic compared with those in raw garlic due to heating at high temperatures has also been reported (Nencini, Menchiari, Franchi, & Micheli, 2011; Shin et al., 2008) . The increasing content of polyphenol was considered to be caused by the release of these compounds to the outside or by the conversion of some other ingredients into polyphenols during the heat processing of aging jujube (Kim et al., 2013) .
As shown in Figure 2e and Table 3, HMF that almost nonexistent in raw jujube rapidly increased to 3.5 g/kg by the blacking process of 96 hr. HMF mainly formed via the Maillard reaction, which is regarded as the most important contaminant that is present in heatinduced products, especially in bakery food (Capuano & Fogliano, 2011) . The results could be associated with the fact that HMF is produced at high temperature.
The raw samples had higher contents of cAMP (4.1 g/kg DW) compared to the black samples in which the trend of contents F I G U R E 3 Gas phase ion mobility spectrogram of the sample F I G U R E 4 The Gallery Plot of volatile components in black jujubes decreased as shown in Figure 2f and dramatically dropped to 1.4 g/ kg DW by 65.85% (Table 1 ). This confirms that cAMP was consumed during nonenzymatic browning during the process.
| Change in the aroma ingredients
The content of volatile organic compounds between samples during 0-96 hr blackening was compared using Gallery Plot. The result automatically generated a fingerprint map in Figure 3 arranged from top to bottom according to processing time. Each row represents a sample, and each column represents a substance.
As shown in Figure 4 , the flavor change of jujube is obvious. The content of benzaldehyde, γ-butyrolactone, ethyl hexanoate, 1-octene-3-ol, methyl hexanoate, ethyl valerate, heptaldehyde, 2-heptanone, ethyl 3-methylbutanoate, 2-hexen-1-ol, ethyl butyrate, butyl acetate, 3-methylbutanol, valeraldehyde, pentanone, and other substances gradually decreased until disappearing in the process of red frame region. The material in the green frame area is slowly produced during the fermentation process and increases with time, such as acetone, 2-acetylfuran, and some indeterminate compounds.
The result of PAC analysis on ingredients data was shown in Figure 5 . The volatile components of raw jujube (Z0) were obviously different from processed jujube (Z12-Z108). The components of Z60 and Z72 were very similar, and the same situation occurs in Z84 and Z96. It demonstrated that the volatile components change slowly in the later period, and there is a significant difference.
| CON CLUS IONS
In this study, black jujube was prepared via high temperature aging from untreated jujube, and the contents of sugar, acid, total phenols acid, 5′-HMF, cAMP, and volatile ingredients in jujube were monitored. The results revealed that black jujube is richer in reducing sugar, 5′-HMF and phenolic, which leads to a corresponding increase in antioxidant properties, but it lacks cAMP. It shown that both colorinternal composition and internal composition changes in the high temperature and high humidity processing environment. A quantitative analysis of the contents of reducing sugar, total phenols, and 5′-HMF present in black jujube is considered as great importance for evaluating the effect of black jujube aging. This result is of interest to nutritionists and consumers as new jujube products will be developed to enhance the health functionality of jujubes
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